OBJECTIVE: To study the determinants of overweight tracking from childhood to adolescence of Hat Yai schoolchildren. DESIGN: A longitudinal study. SETTING: Primary and secondary schools of Hat Yai municipality, southern Thailand. SUBJECTS: 2252 schoolchildren recruited in 1992 and follow-up for 5 y. MEASUREMENTS: Child's annual body mass index (BMI, kgam 2 ) from 1992 to 1997; parental BMIs, parental income, and family history of diseases by a questionnaire completed by parents in 1992. RESULTS: Prevalence of overweight of males using the 85th percentile of the U S First National Health and Nutritional Examination Survey reference for age and sex as a cut-off point increased from 12.4% in 1992 to 21% in 1997, whereas that of females went down from 15.2 to 12.6. At the end of the ®fth year, 11.8% of children remained overweight while 4.5% became overweight. Comparing to the non-overweights, the risk for becoming an overweight adolescent of an overweight boy was 8.2 (95% con®dence interval (CI) 6, 11.2) whereas that of the overweight girls was 20 (95% CI 12.4, 32.3). The generalized estimating equations model predicted an increase in child BMI associated with having a father or a mother with high BMI, a family history of obesity, a monthly income greater than 5000 baht, and a lower level of exercise than their peers. Secular increase in BMI was also observed. CONCLUSION: Predictors of overweight tracking found in this study would be useful to select children at risk for preventive intervention.
Introduction
Obesity is emerging as a worldwide problem affecting lower-income nations as well as countries undergoing economic transition like Thailand. 1 Secular increases in weight and adiposity have been documented. 2, 3 From the Bogalusa Heart Study, BMI increased by 1.5 kgam 2 over the 20 y, or 0.075 (kgam 2 )ay. 2 In our longitudinal study of children in Thailand, 3 the mean body mass index was found to increase by 0.23 kgam 2 for each birth year. Several studies have shown tracking of obesity from childhood to adulthood. 4 ± 8 The adjusted odds ratios for obesity in adulthood associated with childhood obesity ranged from 1.3 (95% con®dence interval, 0.6 ± 3.0) for obesity at 1 ± 2 y of age to 17.5 (7.7 ± 39.5) for obesity at 15 ± 17 y of age. 8 A review of prospective studies on childhood obesity showed that one-third of obese preschoolers and one-half of obese school children remained obese as adults. 9 These obese adults were found to have increased risks for hypertension, coronary heart diseases, stroke, gastrointestinal illness and a higher mortality. 10 ± 12 Apart from health risks, obesity was also associated with social and economic disadvantages. 13 Until now, results of obesity treatment remain unsatisfactory and long term weight loss is rarely sustained. 14, 15 Determining children at risk for overweight tracking for early prevention and treatment in childhood is therefore essential.
Our cross-sectional study showed that having a family history of obesity, obese parents and a low exercise level increased risk for obesity in children by 2 ± 3-fold. 16 Signi®cant trends of increased risk were also associated with higher family income and smaller family size. The purpose of this study was to investigate the probability of these factors in prediction of overweight tracking among schoolchildren followed up for 5 y.
Subjects and methods

Subjects
This report is based on the data-set of the Hat Yai Childhood Obesity Study conducted during 1992 ± 1997. Hat Yai, a gateway to the southernmost region of Thailand, is 1000 km from Bangkok, the capital city. It represents a typical urban area of big cities in Thailand with a population having a high educational and socioeconomic level. A cohort of 2252 primary schoolchildren (grades 1 ± 6), aged 5 ± 16 y, was recruited in 1992 using two-stage sampling. Six schools (two municipally operated and four private) were randomly selected from 13 primary schools in the Hat Yai municipal area. Then, one or two classrooms of each grade were randomly selected from each school. The study was approved by the Committee for Research in Humans, Faculty of Medicine, Prince of Songkhla University.
Data collection
Subjects were weighed wearing school uniforms without belt and shoes and with empty pockets. Weights and heights of subjects were measured using a beam balance Detecto scale and stadiometer (Detecto Scales Inc, Brooklyn, NY) using the standard technique and recorded to the nearest 0.1 kg and 0.5 cm, respectively. Anthropometric data were collected on an annual basis (in January) from 1992 to 1997. Other baseline data were obtained by questionnaires completed by parents, including subject's demographic data, information regarding amount of exercise taken and birth order; parental weights and heights; social data including parents' education and occupation and parental monthly income; family history of obesity, hypertension, hyperlipidemia, diabetes mellitus, coronary heart disease, stroke and death before age 60 (where family refers to parents, grandparents and parents' siblings).
Exercise level of the child was categorized by their parents as less than, equal to or more than that of other children of the same age. Weights and heights of 29 fathers and 38 mothers were measured. 16 The calculated values for parental BMI based on reported weight and height may therefore be slightly underestimated. Parental education was classi®ed as illiterate, primary, secondary and university level and occupation as casual worker, farmer, trader, government service and of®ce worker. Parental income variable was categorized into four classes using monthly income cut-offs at`5000, 5 ±`10,000, 10 ±`30,000 and 30,000 baht (1 baht 0.04 US dollar at the time of questionnaire).
Statistical analysis
The most commonly used index to determine obesity in humans is the body mass index (BMI, body weight (kg) divided by height (m) squared). 17 With the underwater weighing test as the reference standard, for children aged 6 ± 12 y, BMI had a high correlation with total body fat (r 0.90 for boys, 0.84 for girls). 18 Hence, BMI was used to de®ne overweight in our study. A child with a BMI value above the US First National Health and Nutrition Examination Survey (NHANES-I) 85th percentile for age and sex was considered overweight. 19 To reduce skewness, BMIs of subjects and parents were transformed using a function of the form y log 2 (BMI 7 8). Missing data for the categorical variables were replaced by median values, with the exception of parental occupation, for which missing data were given a separate category. A method of model reduction was used. Subjects were randomly divided into three groups of equal size using a computer random number generator. A model containing all main-effect variables including age, sex, year of birth, birth order, exercise, parental variables, and family history of diseases was ®tted to the data of each group using multiple regression analysis. A variable was retained only if it was statistically signi®cant at the 5% level in at least two of the three groups. The reduced set of variables was then re®tted using generalized estimating equations to take account of the correlation among the repeated measurements of BMI in the same subjects. Only subjects having parental BMI data and baseline BMI with at least two further BMI follow-ups were included in this analysis. Analysis and graphical presentation were undertaken using SPIDA version 6, 20 Stata version 5 21 and MATLAB version 4. 22 
Results
Of 2252 subjects recruited in 1992, 1290 (57.3%) remained in the study in 1997. Using the 85th percentile of the US NHANES-I reference for age and sex as a cut-off point, prevalence of overweight of males increased from 12.4% in 1992 to 21.1% in 1997, whereas that of females went down from 15.2 to 12.6. Children who were overweight during childhood were 12 times more likely to be overweight during adolescence than their non-overweight peers (95% con®dence interval 9.2, 15.6). A gender difference in the overweight pattern was observed ( Table 1 ). The From the total of 2252 subjects, 1577 (676 males and 901 females) had complete BMI data of both parents and three BMI measurements. The 95% con®dence intervals of mean baseline BMIs by age and sex of the selected and unselected groups were not different, indicating no selection bias (Figure 1) . Table 2 shows the baseline characteristics of the selected subjects. The mean BMI of subjects having a family history of obesity, hypertension or diabetes mellitus was signi®cantly higher than that of those who did not. Boys and girls in the high income families had a higher mean BMI level than those in the families with monthly income less than 5000 baht. Regarding exercise level, girls who exercised less or more than their peers had a higher mean BMI. So did boys who had a low exercise level.
Multiple regression analysis was used to reduce variables as described above. An interaction term between age and sex and a quadratic term of age were included. After elimination of non-signi®cant variables, those remaining in the reduced model were age, sex, exercise level, family history of obesity, parental BMI and parental monthly income. The interaction term between age and sex was statistically signi®cant (P`0.001). The generalized estimating equations model predicted an increase in child BMI associated with having a father or a mother with high BMI level, a family history of obesity, a monthly income greater than 5000 baht, a lower level of exercise than their peers, or being born later (Table   3 ). Secular change of BMI is shown in Figure 2 . The youngest male and female cohorts were on average 2.8 and 2.2 kg heavier than the eldest ones, respectively.
Discussion
We found that over the 5 y, children who were overweight during childhood had a greater risk of becoming overweight adolescents than the non-overweight. The percentage of male children who became overweight adolescents or remained overweight was higher than that of girls. In comparison to non-overweight peers, overweight girls had a higher risk of becoming overweight in adolescence than overweight boys. Being in a family with history of obesity, a monthly income greater than 5000 baht and having a low exercise level and either parent with high BMI level were associated with overweight tracking.
Risks of overweight tracking from childhood to adolescence in our study were 8.2 for males and 20 for females. Studies of the developed countries reported during the 1960s ± 1980s showed that the relative risk of a child becoming an obese adult increased with age in comparison to thinner peers, from 2.33 in infancy to 6.3 or 6.5 in preadolescence. 23 In one study, about three-quarters of obese 10 ± 13-yold boys and girls became obese adults, compared with 31% and 11% of non-obese boys and girls; relative risks of 2.39 and 6.55. 24 A study of a birth cohort of the year 1946 25 showed that only 21% of obese (BMI greater than 29.9 kgam 2 ) 36-y-olds had been obese at age 11 y (weight-for-height greater than 120% of a standard weight for children of the same age, height and sex), however the percentage of adult obesity increased to 58% if combining childhood overweight (weight-for-height greater than 110%) and obesity. In another study of birth cohorts from the same period (1929 ± 1960) , the odds ratios for Determinants of overweight tracking in children L Mo-suwan et al overweight at 35 y ranged from 3.9 to 8.4 for childhood obesity at 8 ± 13 y of age (BMI values at the 95th percentile relative to 50th percentile). 7 A study of a more recent cohort (1965 ± 1971), 8 after adjustment for parental obesity, demonstrated that the odds ratio for obesity in adulthood associated with childhood obesity ranged from 10.3 for obesity at 6 ± 9 y of age to 28.3 for obesity at 10 ± 14 y of age. This ®nding of much higher risks, similar to ours, may re¯ect the time trend of an increase of obesity over the decades, as shown in our study of only 5 y span ( Figure 2 ). Our previous analysis demonstrated that BMI increased 0.23 kgam 2 per birth year. 3 From our previous study, 16 having a family history of obesity, obese parents, a lower amount of exercise than peers and a high income have been shown to increase risk for obesity in children for 2 ± 3 times. In the present study, these factors were also found to associate with a greater risk for higher BMI tracking over the 5 y. Our ®nding of a parental obesity ± child Determinants of overweight tracking in children L Mo-suwan et al Determinants of overweight tracking in children L Mo-suwan et al obesity relation is similar to that of developed countries. From one US study, parental obesity at the children age under 10 y was found to more than double the risk of adult obesity among both obese and non-obese children. 8 In regard to socioeconomic status and obesity, in the developed countries, obesity is more prevalent in the low social class. 25 A study from the UK 26 showed that adult obesity and overweight were inversely associated with family social group in childhood (for adult obesity, non-manual class vs manual class 4.5% vs 8%; for overweight, non-manual vs manual 21.6% vs 33.1%). On the contrary, for a country in a transition from an agriculture-based economy to industry like Thailand, we found an association of overweight tracking with higher income.
We found that two-thirds of the overweight adolescents were already overweight at childhood. Findings from the Dunedin study similarly showed that approximately two-thirds of the subjects at ages 7 and 11 remained in the same BMI category at age 13 y. 27 Retrospective reviews of weight and height records of 1203 third year high school students of Japan con®rmed that among girls obesity at age 17 y was related to BMI group at birth, while among boys it was related to BMI status at 3 y of age. 28 All of these ®ndings indicate the importance of early intervention to prevent persistence of this condition into adulthood. In a country with both extremes of malnutrition prevalent like Thailand, selective implementation for children at risk screened by predictors for overweight tracking would safeguard undernourished children from the possible hazards of blanket intervention.
